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1. Introduction 
Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease that mostly attacks 
synovial joints, although other tissues and organs can be affected. The final effect is usually 
the destruction of articular cartilage and ankylosis of the joints, with a prevalence of the 
wrist and small joints of the hand. Diagnostic criteria have recently been revised (Aletaha et 
al., 2010; Neogi et al., 2010). The prevalence of RA is about 1% in the total population, being 
women more affected than men in a ratio of approximately 2-3:1 (Alamanos & Drosos, 
2005). 
RA is considered an autoimmune disorder, although the etiology and pathogenesis of the 
disease remain unclear. A complex set of factors are involved in the onset of the disease, 
including genetic and environmental. The strongest genetic association is with the genes 
encoding major histocompatibility complex (MHC, HLA in human) class II molecules 
(Gregersen et al., 1987; Stastny, 1978), although other genes have been associated with RA, 
including PTPN22, STAT4, TRAF1/C5, and others. 
Antibodies against the Fc fraction of IgG are found in the serum of about 80% of patients 
with RA. These autoantibodies are called rheumatoid factor (RF), and the consideration of 
RA as an autoimmune disease has largely been based on the presence of RF in the serum of 
patients. Nevertheless, the presence of RF is not exclusive of RA and that, together with the 
absence of definitive data demonstrating an arthritogenic effect of RF, suggest that these 
antibodies are produced as a consequence of the immune response rather than being the 
cause of it (Nemazee, 1985; Tarkowski et al., 1985). However, the adaptive immune response 
seems to play an important role in the disease as suggested by the strong association of RA 
with the presence of some HLA class II alleles. Autoantibodies against citrullinated proteins 
(ACPAs) have been described in the serum of about 50-70% of RA patients in comparison 
with about 2% of the healthy population (Avouac et al., 2006; Kroot et al., 2000; Nishimura 
et al., 2007; Schellekens et al., 2000; van Gaalen et al., 2004; Vincent et al., 2002). The presence 
of ACPAs is very stable during the course of the disease and is quite specific for RA. These 
antibodies can be detected several years before of symptomatic disease, making the presence 
of ACPAs a good clinical marker for RA. Patients containing ACPAs in the serum usually 
have a more severe disease. The presence of these antibodies correlates very well with the 
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presence of some of the HLA-DR alleles containing the “shared epitope” (see below). All of 
these data have led to the postulation that there actually are two different disorders 
(Klareskog et al., 2008). However, the cause of the specificity of the generation of ACPAs in 
RA and whether the antibodies are pathogenic or secondary to the joint inflammation 
remain unanswered. 
Many reports have been published in the last years describing some of the features of the 
antibodies that recognize citrullinated proteins and showing some of the proteins that are 
target of these autoantibodies. The generation of an effective B cell response requires the 
recognition by specific CD4+ T cells of peptides derived of the antigen in the context of MHC 
class II molecules. In this chapter some of the data indicating the importance of anti-
citrulline responses will be reviewed and concretely emphasize on reviewing the last reports 
dealing with MHC presentation and T cell responses to citrullinated peptides will be done. 
2. HLA and rheumatoid arthritis 
The strongest genetic association of RA susceptibility is with some specific HLA class II 
alleles. In Northern Europe, the strongest association is with the serotype HLA-DR4 
(Jaraquemada et al., 1986; Stastny, 1978). The association is with some allelic variants of 
HLA-DR4, including DRB1*0401, *0404, *0405 and *0408. However, other HLA-DR4 
subtypes do not confer predisposition to RA. In Southern Europe and other populations the 
susceptibility to RA is associated to alleles other than DR4. Thus, DRB1*0101, *0102, *1402 
and *1001 have been reported with predisposition to RA (Cutbush et al., 1993; de Juan et al., 
1994; Gonzalez-Escribano et al., 1999; Hameed et al., 1997; Lacki et al., 2000; Mody & 
Hammond, 1994; Poor et al., 2007; Salvarani et al., 1999; Sanchez et al., 1990; Yelamos et al., 
1993). A major feature shared by the alleles that confer susceptibility to RA is the presence of 
some residues at position 67 and 70-74 of the third hypervariable region of DRB1 (Table 1). 
Thus, the presence of specific residues in these positions (L…(Q/R)(K/R)RAA) led to the 
proposal of the “shared epitope” hypothesis (Gregersen et al., 1987), in which the molecular 
basis for the association of some alleles with RA was restricted to this critical region in the  
chain of HLA-DR molecules. The P4 residue of the peptide core directly interacts with some 
of the residues that are part of the shared epitope (SE). Other residues are exposed to 
outside the binding groove. Thus, the side chains of these amino acids could be involved in 
the pathogenesis of the disease by defining the peptide preference or directly interacting 
with the T cell receptor (TCR), influencing the T cell repertoire selection, and specific T cell 
activation. Alternatively, molecular mimicry of this HLA-DR region and proteins from 
pathogenic agents might contribute to the disease process. Other mechanisms have been 
proposed to explain the role that the SE plays in the disease, including direct triggering by 
the five-amino acid SE sequence leading to NO production (Ling et al., 2007), ability to bind 
to heat shock proteins (Auger et al., 1996), and the ability to present citrullinated peptides 
(Hill et al., 2003). A putative “protective epitope” has also been defined for the same region, 
with the sequence DERAA, corresponding to DRB1*0402, *1102, *1301, *1302, and *1304, and 
is associated with a less severe disease (van der Helm-van Mil et al., 2005).  
HLA genes show strong linkage disequilibrium, so they segregate as haplotypes with a low 
recombination rate, specially between HLA-DR and HLA-DQ. Different data indicate that 
some HLA-DQ alleles that segregate with given HLA-DR alleles play an important role in 
RA, although these data are not totally understood. The combination of the presence of the 
SE-containing HLA-DR alleles and specific HLA-DQ alleles opened the possibility that 
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peptides containing the SE can be presented to T cells in the context of specific HLA-DQ, 
shaping the T-cell repertoire (Salvat et al., 1994). 
 
 
Table 1. Residues in the shared epitope positions in HLA-DR molecules differentially 
associated to RA 
3. Citrullination 
Citrullination is a post-translational protein modification that consists in the deimination of 
the positive charged amino acid arginine, generating the neutral amino acid citrulline 
(Figure 1). The process requires high concentrations of Ca2+ and is produced in 
inflammatory environments (Baeten et al., 2001; Chavanas et al., 2004; Vossenaar et al., 
2003). Other mechanism that triggers arginine deimination is apoptosis (Baeten et al., 2001). 
Environmental insults such as smoking increases the expression of PAD2 and induces 
citrullination in the mouse (Makrygiannakis et al., 2008). 
The conversion of arginine to citrulline is carried out by a family of enzymes known as 
peptidyl arginine deiminases (PADs) (Vossenaar et al., 2003). Five members of this family of 
enzymes have been described in human (PAD1, PAD2, PAD3, PAD4 and PAD6). The 
members or this family are differentially expressed in many cell types (including neutrophils, 
monocytes, and macrophages) and tissues (Migliorini et al., 2005; Nijenhuis et al., 2004; van 
Venrooij & Pruijn, 2000; Vossenaar et al., 2003; Wysocka et al., 2006). Thus, PAD2 and PAD4 
are expressed in the synovium of patients with RA, but PAD1, PAD3 and PAD6 are not 
(Foulquier et al., 2007). At least some functional haplotypes of PAD4 are associated with RA 
(Suzuki et al., 2003). Interestingly, PAD4 is capable of self-citrullination, which can regulate its 
activity and control the citrullination of other proteins (Andrade et al., 2010). 
Citrullinated proteins have been detected in several inflamed tissues: arthritic joins 
(Vossenaar et al., 2004a), brain (Nicholas & Whitaker, 2002), muscle and lymphoid organs 
(Makrygiannakis et al., 2006) and lungs (Bongartz et al., 2007; Klareskog et al., 2006). In 
addition, some proteins from the epidermis and central nervous system are constitutively 
citrullinated (Kubilus et al., 1979; Nicholas et al., 2003). 
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The function of citrullination is not totally understood, although it is important in some 
physiological processes such as apoptosis (Asaga et al., 1998) and cell differentiation 
(Senshu et al., 1996). The loss of a positive charge can produce changes in some relevant 
protein features. Thus, electrostatic interactions are usually important in generating and 
maintaining protein structures. A citrullinated protein modifies some of the interactions that 
stabilize the native conformation, and decreases its isoelectric point, affecting the secondary 
and tertiary structure, which can result in a different protein folding that may modify the 
function of the protein (Gyorgy et al., 2006). Regarding the specific protein functions 
affected by citrullination it has been reported that arginine deimination influences protein–
protein interaction (Tarcsa et al., 1996), and can modulate signalling potency (Proost et al., 
2008). In addition, citrullinated proteins often change their sensitivity to degradation by 
proteolytic enzymes (Pritzker et al., 2000). 
 
 
Fig. 1. Conversion of arginine to citrulline. The protein posttranslational modification 
known as citrullination consists in a deimination of arginine to citrulline. The reaction is 
carried out by an enzyme of the family of peptidyl arginine deiminases (PAD), and requires 
high concentration of Ca2+. This reaction results in the loss of a positive charge in the 
protein. 
4. Citrulline and rheumatoid arthritis 
As mentioned above, the presence of citrullinated proteins is detected in the joints of 
patients with RA (Baeten et al., 2001), although it is not exclusive for rheumatoid synovial 
tissue (Vossenaar et al., 2004a). The specificity of citrullination has not been solved and 
several proteins have been found to be citrullinated in the synovium, including vimentin 
(Bang et al., 2007; Vossenaar et al., 2004b), fibrinogen (Masson-Bessiere et al., 2001), and 
collagen type II (Klareskog et al., 2008). The role of these modified proteins in the joints 
remains unknown, although some of these proteins are known targets of the autoimmune 
response. Thus, specific antibodies have been detected in RA patients that recognize 
citrullinated filaggrin (Nijenhuis et al., 2004; Schellekens et al., 1998; Sebbag et al., 1995; 
Simon et al., 1993), fibrinogen (Bang et al., 2007), vimentin (Burkhardt et al., 2005; Despres et 
al., 1994; Hayem et al., 1999; Hueber et al., 1999) and collagen type II (Burkhardt et al., 2005). 
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A relevant feature of ACPAs is that their presence is RA specific. Thus, in contrast with RF, 
patients with inflammatory diseases other than RA rarely carry ACPAs in serum. It still 
remains unclear why ACPAs are present in the serum of most RA patients but absent in the 
serum of other systemic autoinflammatory diseases. 
As with RF, the generation of ACPAs in the serum of RA patients can occur several years 
before the onset of the disease (Aho et al., 2000; Kurki et al., 1992; Nielen et al., 2004; 
Rantapaa-Dahlqvist et al., 2003). The detection of these ACPAs can be used as clinical tests 
to predict the clinical course of the disease (Kastbom et al., 2004; Ronnelid et al., 2005). There 
are some clinical and genetic differences between ACPA+ and ACPA- RA patients. 
Clinically, ACPA+ RA patients have a more severe disease course than patients without 
detectable ACPAs (Forslind et al., 2004; Kastbom et al., 2004; Kroot et al., 2000; Ronnelid et 
al., 2005). Genetically, the detection of ACPAs in the serum of RA patients correlates very 
well with the presence of HLA-DR alleles containing the SE, which does not happen with 
RF. Some reports have shown that the presence of HLA-DRB1 alleles containing the SE is 
directly related and restricted to the ACPA+ subset of RA (Huizinga et al., 2005; van der 
Helm-van Mil et al., 2006) and SE alleles influence both the magnitude and the specificity of 
this RA-specific antibody response (Verpoort et al., 2007). Other HLA-DRB1-independent 
genetic associations in the HLA region to ACPA positivity have been reported (Okada et al., 
2009). In contrast, ACPA- RA is not related with the SE-carrying HLA-DRB1 alleles and it 
has been associated with HLA-DRB1*03 (Irigoyen et al., 2005), an DRB1 allele that does not 
contain the SE. Taking together, it seems clear that ACPA+ and ACPA- RA do not present 
the same genetic background or clinical course and evidence strongly suggest that these are 
two different RA subsets, so they should be considered as different entities when treated.  
Since ACPAs are developed before the onset of the disease and their presence predicts a 
more severe clinical course, this seems to indicate that the immune response against 
citrullinated proteins contribute to the pathogenesis of this form of RA.  
5. Citrullinated peptides and HLA 
The SE contains residues 70-74 of the DR chain, and is located in one -helix of the binding 
groove. These residues are located in a position such that some of them can interact with the 
peptide bound to the HLA-DR molecule. Concretely, the crystal structures of HLA-DR1 and 
HLA-DR4 with different peptides have shown that the residues Lys71 in DRB1*0401 and 
Arg71 in DRB1*0101 directly interact with the amino acid located in position 4 (P4) of the 
peptide core bound to the binding groove of HLA-DR molecules (Dessen et al., 1997; 
Rosloniec et al., 2006). The binding motifs of the peptides associated to HLA-DR1 and HLA-
DR4 were described years ago. More recently, our group reported an exhaustive analysis of 
the peptide pool associated to HLA-DR10 by mass spectrometry and identified the anchor 
motif of the peptide repertoire bound to this RA-associated allele (Alvarez et al., 2008). This 
motif was consistent with a more recent report by Kwok´s group using an approach based 
on binding assays (James et al., 2010). An important structural information extracted from 
these data is that HLA-DR molecules containing the SE do not bind peptides with basic 
residues in P4 position. This is due to the presence of basic residues at position 71 of the 
HLA-DR  chain (table 1). 
Conversion of the basic amino acid arginine to the neutral citrulline produces the loss of a 
net positive charge on the protein or peptide that suffer this post-translational modification. 
Thus, citrulline is a neutral, polar, large amino acid with structural features similar to 
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glutamine. Interestingly, peptides with arginine in P4 are poorly tolerated for the HLA-DR 
molecules that comprise the SE alleles (Fremont et al., 1996; Friede et al., 1996), while 
peptides with glutamine in P4 of the binding core have been described for DRB1*0101, 
DRB1*0401 and DRB1*1001 (Alvarez et al., 2008; Dengjel et al., 2005; Muntasell et al., 2004; 
Stern et al., 1994; Verreck et al., 1996). Basic residues, such as arginine or lysine, in P4 
position of the peptide core produce electrostatic repulsion with the basic residues in 
position 71 of the  chain in the HLA-DR molecules that contain the SE. However, glutamine 
can accommodate well in the pocket and can be stabilized by hydrogen bonds with Arg71 or 
Lys71 in the HLA-DR  chain. Thus, positively charged amino acids (e.g., arginine) in P4 
inhibit peptide binding to RA-related HLA-DR molecules containing the SE, whereas 
peptides with uncharged polarity (e.g., glutamine) are bound to these molecules with high 
affinity (Hammer et al., 1994; Hammer et al., 1995). Peptides with citrullin in P4 would 
interact favourably at the P4 anchoring pocket of SE-containing HLA-DR molecules. This 
was confirmed both for DRB1*0101, DRB1*0401 (Hill et al., 2003) and DRB1*1001 (James et 
al., 2010). Concretely, modified peptides derived from joint associated proteins were able to 
bind to RA-associated MHC molecules: the peptide spanning residues 65-77 from vimentin, 
vimentin (65-77) to DRB1*0101 and DRB1*0401 (Hill et al., 2003), and peptides vimentin (58-
72), Fib A (737-751), Fib B (68-82) and cartilage intermediate layer protein CILP (982-996) to 
DRB1*1001 (James et al., 2010). These data open the possibility that in the inflamed joint, 
some arginines may be deiminated by activated PAD2 or PAD4 and, after protein 
catabolism, citrulline-containing peptides would be bound to SE HLA-DR molecules. 
The peptide repertoires associated to many MHC molecules have been described, both for 
MHC class I and for MHC class II. However, up to now, no peptide with citrulline in P4 has 
been reported to be a natural ligand of any HLA-DR molecule. Some reasons make the 
identification of citrullinated peptides from the peptide repertoire bound to HLA-DR 
molecules very difficult. First, the conditions to obtain high level of protein citrullination are 
not totally controlled, although some protocols have been reported, as increasing intracellular 
calcium by the addition of ionomicine to the cell culture (Vossenaar et al., 2004c). Second and 
more important, after deimination induction, most of the peptides will remain containing 
arginine instead of citrulline, and probably, the amount of citrullinated peptides in the peptide 
pool will be low. Mass spectrometry analysis give information of the most abundant peptides 
in the MHC-associated peptide pools making complicated to find a low-abundance 
citrullinated peptide. An approach that could be used to solve these problems would be to 
enrich citrullinated peptides in the sample. Antibodies specific for citrullinated peptides can 
not be used because they can recognize some peptides but not others. A technique for the 
specific enrichment of citrulline-containing peptides has been described, based on the 
immobilization of a glyoxal derivative that reacts exclusively with the ureido group of the 
citrulline residue al low pH (Tutturen et al., 2010). The ureido group can be chemically 
modified by diacetyl monoxime and antipyrine (Senshu et al., 1992). The chemically modified 
citrulline can be detected, using a specific antibody, by Western blotting and 
immunohistochemistry (Makrygiannakis et al., 2008). Peptides or proteins containing the 
modified citrulline can also be detected by mass spectrometry (Stensland et al., 2009). 
6. T cell responses to HLA-restricted citrullinated peptides 
The induction of a typical humoral response that results in a production of classes of 
antibodies others than IgM requires the help of CD4 T cells. T cells recognize complexes 
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formed by MHC molecules and peptides derived from antigenic proteins. In the case of 
ACPAs, the targets of the immune response are modified self proteins, as vimentin, fillagrin, 
fibrinogen and collagen type II. CD4 T cells that help in the generation of an anti-
citrullinated proteins B cell response do not necessarily recognize citrullinated peptides. 
However, a role of T cell responses in RA is well known, which makes the identification of T 
cell responses against citrullinated peptides presented in the context of RA-related HLA-DR 
of great interest. These peptides could be citrullinated outside the binding core, in the core 
positions other than P4, or in P4, as discussed above. 
In the last years, T cell responses to citrulline-containing peptides have been studied. First, 
using DR4-IE transgenic mice (expressing the chimeric molecule DR4-IE, that contains the 
DR4 binding groove and part of the murine class II molecule), Hill and collaborators 
demonstrated that deimination of arginine to citrulline significantly increased the peptide-
MHC affinity when arginine was in P4 position. In addition, activated CD4+ T cells were 
detected in these transgenic mice against a peptide spanning residues 65 to 77 of vimentin, 
vimentin (65-77), which had a citrulline in position 70 instead of the arginine of the 
unmodified protein. These results revealed that HLA-DRB1 alleles with the SE could initiate 
an specific autoimmune response to citrullinated self-antigens in DR4-transgenic mice (Hill 
et al., 2003). In this animal model, citrullinated fibrinogen induced arthritis. The disease 
induced in these mice was characterized by synovial hyperplasia followed by ankylosis, but 
lacked a large leukocyte infiltrate. Specific humoral and cellular responses to citrullinated 
components were observed, which were absent in wild-type mice immunized with 
citrullinated or unmodified fibrinogen and in transgenic mice immunized with unmodified 
fibrinogen (Hill et al., 2008). HLA-DRB1*0401–restricted T cell reactivity to fibrinogen (371-
383) was clearly seen in transgenic mice after immunization with either citrullinated 
fibrinogen or unmodified fibrinogen, whereas no specific response to this peptide was 
detected in wild-type mice. Ten peptides derived from ,  or  chains of human fibrinogen 
containing an aliphatic or aromatic residue in P1 position of the binding core and arginine 
or citrulline at P4 were tested to generate T cell responses. Only one citrullinated peptide, 
FibαR84Cit, induced a consistent T cell response, whereas no response was seen against the 
corresponding arginine-containing peptide Fibα79-91. Therefore, these data confirm that a 
citrullinated protein can be arthritogenic when RA-associated alleles are expressed, and 
specific T cell responses to citrullinated peptides are part of the immune response. 
Citrullinated peptides-specific T cell activation plays an important role in the development 
and progression of arthritis in this animal model. Thus, when given prior to disease onset, 
treatment with CTLA-4Ig, an agent that blocks T cell costimulation, prevented T cell 
activation induced by citrullinated human fibrinogen. This effect was not seen with non-
specific IgG1 (Yue et al.). 
Other approach using the mouse model detected that a response against citrullinated 
peptides could be generated even when the antigen was administrated in unmodified form. 
Concretely, HEL was used as a model antigen, and T cells specifically reactive to 
citrullinated epitopes were detected among the responding repertoire to immunization with 
an unmodified HEL protein. In addition, antigen presenting cells (APCs), including 
dendritic cells and peritoneal macrophages, were able to present citrullinated peptides when 
provided an intact, unmodified HEL ex vivo (Ireland et al., 2006). Therefore, APCs were 
capable to capture and process the antigen, to deiminate some specific arginine residues and 
to present some citrullin-containing peptides to T cells in a correct way to induce an specific 
response against citrullinated peptides. 
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More than 90% of patients positive for citrullinated vimentin-specific ACPAs carry SE-
containing HLA-DRB1 alleles. In a DR4-transgenic mouse model, animals were immunized 
with 33 citrulline-containing peptides (all possible citrullinated peptides of human 
vimentin) and tested for T cell reactivity. T cell responses were generated against some of 
these peptides restricted by HLA-DRB1*0401 (vimentin (26-44) and vimentin (415-433). 
Antigen presenting cells were able to generate these peptides from entire vimentin. In 
addition, T cell reactivity against these citrullinated peptides derived from vimentin were 
observed when PBMCs from ACPAs-positive, HLA-DR4-positive patients with RA were 
used (Feitsma et al.). These data strongly suggest the presence of HLA-DRB1*0401-restricted 
T cell responses against citrullinated vimentin-derived peptides in RA patients. The data do 
not exclude T cell responses against non-citrullinated peptides restricted by this or other 
HLA-DRB1 alleles, that also could facilitate a humoral response against citrullinated 
epitopes. 
The generation of T cell responses against citrullinated peptides has also been confirmed for 
other autoantigens. Thus, a proliferative response was observed in more than 60% RA 
patients after stimulation with citrullinated aggrecan-derived peptide, aggrecan (84-103) 
(von Delwig et al., 2010). This response was absent in PBMCs from healthy controls, and 
there was no response to the unmodified aggrecan analog peptide, indicating that citrulline 
residue is required for T cell recognition. In addition, cytokine production was analyzed by 
ELISA and intracellular cytokine analysis. High levels of the proinflammatory cytokine 
interleukin-17 (IL-17) was produced by PBMCs from RA patients in response to stimulation 
with citrullinated aggrecan. This IL-17 production was absent when PBMCs from RA 
patients and healthy controls were stimulated with the unmodified aggrecan-derived 
peptide. Therefore, citrullinated aggrecan-specific T cells may play a role in the 
pathogenesis of RA and in the inflammatory process.  
Most of the T cell responses to citrullinated peptides have been generated in models that 
express HLA-DRB1*0401. In addition, responses against citrullinated peptides restricted by 
the RA-associated, SE-containing HLA-DRB1*1001 molecule have been obtained (James et 
al., 2010). Authors demonstrated that HLA-DRB1*1001 can accommodate citrulline in three 
anchor positions, and three of the modified peptides that were evaluated developed specific 
CD4+ T cell responses. These peptides derived from fibrinogen , fibrinogen  and cartilage 
intermediate-layer protein, and these data suggest a role for these three proteins as relevant 
antigens in RA in HLA-DRB1*1001+ patients. In addition, T cell clones specific for these 
sequences proliferated only in response to citrullinated peptides. One more time, these data 
suggest that deimination of arginine can have as a consequence the generation of new HLA-
DR ligands that can be recognized by T cells as neoepitopes, and may play an important role 
in the initiation or progression of RA. As described recently, T cell responses to other post-
translational modifications may play a similar role in generating inflammatory responses. 
One of this could be carbamylation of lysine to homocitrulline. Thus, mice were immunized 
with carbamylated peptides, which induced chemotaxis, and T and B cell responses. Mice 
immunized with carbamylated peptides developed erosive arthritis when citrullinated 
peptides were injected intra-articularly. In addition, T and B cells induced arthritis after 
adoptive transfer into normal recipients (Mydel et al., 2010). Therefore, the T cell response to 
homocitrulline-derived peptides, as well as the subsequent production of anti-
homocitrulline Abs, was critical for the induction of autoimmune responses against 
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Constitutive protein citrullination occurs in some tissues in absence of inflammation, which 
imply the existence of tolerance against these modified proteins. The thymus is the organ 
where the immunocompetent T cell repertoire is generated. During selection processes to 
generate central T cell tolerance, about 95-97% of the thymocytes die by apoptosis, which is 
an inductor of citrullination. Thus, PAD activity and arginine deimination may be active in 
this organ. Citrullinated peptides that bind to HLA-DR molecules in the thymus should not 
be able to induce an immune response in periphery. Differences in the machinery of antigen 
processing have been reported between thymic cells and other presenting cells. Thus, the 
identification and analysis of HLA-DR-associated citrullinated peptides in the thymus could 
reveal which peptides can generate central tolerance. 
7. Conclusions 
The finding that the sera of most RA patients contain antibodies specifc for citrullinated 
proteins opened the possibility of a new mechanism in the etiology of the disease. These 
antibodies are specific for RA, can be detected years before the development of the disease, 
and correlate with the presence of SE-containing alleles. In the last years, relevant advances 
on the identification of the citrullination process in the inflamed joints by PADs´activity, the 
presentation by RA-associated HLA-DR molecules that contain the SE, and T cell responses 
against citrullinated proteins have been made. Nevertheless, it remains to be defined which 
citrullinated peptides are really involved in the development of the disease in humans and if 
any of them can efficiently be presented in the context of various SE-containing HLA-DR 
molecules. 
8. Acknowledgments 
The author thanks Dr. Dolores Jaraquemada for her critical review of the manuscript. 
9. References 
Aho, K.;Palosuo, T.;Heliovaara, M., et al. (2000). Antifilaggrin antibodies within "normal" 
range predict rheumatoid arthritis in a linear fashion. J Rheumatol,Vol. 27 No. (12) 
(Dec 2000), pp. 2743-2746. 
Alamanos, Y.& Drosos, A. A. (2005). Epidemiology of adult rheumatoid arthritis. 
Autoimmun Rev,Vol. 4 No. (3) (Mar 2005), pp. 130-136. 
Aletaha, D.;Neogi, T.;Silman, A. J., et al. (2010). 2010 Rheumatoid arthritis classification 
criteria: an American College of Rheumatology/European League Against 
Rheumatism collaborative initiative. Arthritis Rheum,Vol. 62 No. (9) (Sep 2010), pp. 
2569-2581. 
Alvarez, I.;Collado, J.;Daura, X., et al. (2008). The rheumatoid arthritis-associated allele 
HLA-DR10 (DRB1*1001) shares part of its repertoire with HLA-DR1 (DRB1*0101) 
and HLA-DR4 (DRB*0401). Arthritis Rheum,Vol. 58 No. (6) (Jun 2008), pp. 1630-
1639. 
Andrade, F.;Darrah, E.;Gucek, M., et al. (2010). Autocitrullination of human peptidyl 
arginine deiminase type 4 regulates protein citrullination during cell activation. 
Arthritis Rheum,Vol. 62 No. (6) (Jan 2010), pp. 1630-1640. 
www.intechopen.com
 
Autoimmune Disorders – Pathogenetic Aspects 
 
82
Asaga, H.;Yamada, M.& Senshu, T. (1998). Selective deimination of vimentin in calcium 
ionophore-induced apoptosis of mouse peritoneal macrophages. Biochem Biophys 
Res Commun,Vol. 243 No. (3) (Feb 24 1998), pp. 641-646. 
Auger, I.;Escola, J. M.;Gorvel, J. P., et al. (1996). HLA-DR4 and HLA-DR10 motifs that carry 
susceptibility to rheumatoid arthritis bind 70-kD heat shock proteins. Nat Med,Vol. 
2 No. (3) (Mar 1996), pp. 306-310. 
Avouac, J.;Gossec, L.& Dougados, M. (2006). Diagnostic and predictive value of anti-cyclic 
citrullinated protein antibodies in rheumatoid arthritis: a systematic literature 
review. Ann Rheum Dis,Vol. 65 No. (7) (Jul 2006), pp. 845-851. 
Baeten, D.;Peene, I.;Union, A., et al. (2001). Specific presence of intracellular citrullinated 
proteins in rheumatoid arthritis synovium: relevance to antifilaggrin 
autoantibodies. Arthritis Rheum,Vol. 44 No. (10) (Oct 2001), pp. 2255-2262. 
Bang, H.;Egerer, K.;Gauliard, A., et al. (2007). Mutation and citrullination modifies vimentin 
to a novel autoantigen for rheumatoid arthritis. Arthritis Rheum,Vol. 56 No. (8) (Aug 
2007), pp. 2503-2511. 
Bongartz, T.;Cantaert, T.;Atkins, S. R., et al. (2007). Citrullination in extra-articular 
manifestations of rheumatoid arthritis. Rheumatology (Oxford),Vol. 46 No. (1) (Jan 
2007), pp. 70-75. 
Burkhardt, H.;Sehnert, B.;Bockermann, R., et al. (2005). Humoral immune response to 
citrullinated collagen type II determinants in early rheumatoid arthritis. Eur J 
Immunol,Vol. 35 No. (5) (May 2005), pp. 1643-1652. 
Cutbush, S.;Chikanza, I. C.;Biro, P. A., et al. (1993). Sequence-specific oligonucleotide typing 
in Shona patients with rheumatoid arthritis and healthy controls from Zimbabwe. 
Tissue Antigens,Vol. 41 No. (4) (Apr 1993), pp. 169-172. 
Chavanas, S.;Mechin, M. C.;Takahara, H., et al. (2004). Comparative analysis of the mouse 
and human peptidylarginine deiminase gene clusters reveals highly conserved 
non-coding segments and a new human gene, PADI6. Gene,Vol. 330 No.  (Apr 14 
2004), pp. 19-27. 
de Juan, M. D.;Belmonte, I.;Barado, J., et al. (1994). Differential associations of HLA-DR 
antigens with rheumatoid arthritis (RA) in Basques: high frequency of DR1 and 
DR10 and lack of association with HLA-DR4 or any of its subtypes. Tissue 
Antigens,Vol. 43 No. (5) (May 1994), pp. 320-323. 
Dengjel, J.;Schoor, O.;Fischer, R., et al. (2005). Autophagy promotes MHC class II 
presentation of peptides from intracellular source proteins. Proc Natl Acad Sci U S 
A,Vol. 102 No. (22) (May 31 2005), pp. 7922-7927. 
Despres, N.;Boire, G.;Lopez-Longo, F. J., et al. (1994). The Sa system: a novel antigen-
antibody system specific for rheumatoid arthritis. J Rheumatol,Vol. 21 No. (6) (Jun 
1994), pp. 1027-1033. 
Dessen, A.;Lawrence, C. M.;Cupo, S., et al. (1997). X-ray crystal structure of HLA-DR4 
(DRA*0101, DRB1*0401) complexed with a peptide from human collagen II. 
Immunity,Vol. 7 No. (4) (Oct 1997), pp. 473-481. 
Feitsma, A. L.;van der Voort, E. I.;Franken, K. L., et al. Identification of citrullinated 
vimentin peptides as T cell epitopes in HLA-DR4-positive patients with 
rheumatoid arthritis. Arthritis Rheum,Vol. 62 No. (1) (Jan pp. 117-125. 
www.intechopen.com
 
HLA and Citrullinated Peptides in Rheumatoid Arthritis 
 
83 
Forslind, K.;Ahlmen, M.;Eberhardt, K., et al. (2004). Prediction of radiological outcome in 
early rheumatoid arthritis in clinical practice: role of antibodies to citrullinated 
peptides (anti-CCP). Ann Rheum Dis,Vol. 63 No. (9) (Sep 2004), pp. 1090-1095. 
Foulquier, C.;Sebbag, M.;Clavel, C., et al. (2007). Peptidyl arginine deiminase type 2 (PAD-2) 
and PAD-4 but not PAD-1, PAD-3, and PAD-6 are expressed in rheumatoid 
arthritis synovium in close association with tissue inflammation. Arthritis 
Rheum,Vol. 56 No. (11) (Nov 2007), pp. 3541-3553. 
Fremont, D. H.;Hendrickson, W. A.;Marrack, P., et al. (1996). Structures of an MHC class II 
molecule with covalently bound single peptides. Science,Vol. 272 No. (5264) (May 
17 1996), pp. 1001-1004. 
Friede, T.;Gnau, V.;Jung, G., et al. (1996). Natural ligand motifs of closely related HLA-DR4 
molecules predict features of rheumatoid arthritis associated peptides. Biochim 
Biophys Acta,Vol. 1316 No. (2) (Jun 7 1996), pp. 85-101. 
Gonzalez-Escribano, M. F.;Rodriguez, R.;Valenzuela, A., et al. (1999). Complex associations 
between HLA-DRB1 genes and female rheumatoid arthritis: results from a 
prospective study. Hum Immunol,Vol. 60 No. (12) (Dec 1999), pp. 1259-1265. 
Gregersen, P. K.;Silver, J.& Winchester, R. J. (1987). The shared epitope hypothesis. An 
approach to understanding the molecular genetics of susceptibility to rheumatoid 
arthritis. Arthritis Rheum,Vol. 30 No. (11) (Nov 1987), pp. 1205-1213. 
Gyorgy, B.;Toth, E.;Tarcsa, E., et al. (2006). Citrullination: a posttranslational modification in 
health and disease. Int J Biochem Cell Biol,Vol. 38 No. (10) 2006), pp. 1662-1677. 
Hameed, K.;Bowman, S.;Kondeatis, E., et al. (1997). The association of HLA-DRB genes and 
the shared epitope with rheumatoid arthritis in Pakistan. Br J Rheumatol,Vol. 36 No. 
(11) (Nov 1997), pp. 1184-1188. 
Hammer, J.;Bono, E.;Gallazzi, F., et al. (1994). Precise prediction of major histocompatibility 
complex class II-peptide interaction based on peptide side chain scanning. J Exp 
Med,Vol. 180 No. (6) (Dec 1 1994), pp. 2353-2358. 
Hammer, J.;Gallazzi, F.;Bono, E., et al. (1995). Peptide binding specificity of HLA-DR4 
molecules: correlation with rheumatoid arthritis association. J Exp Med,Vol. 181 No. 
(5) (May 1 1995), pp. 1847-1855. 
Hayem, G.;Chazerain, P.;Combe, B., et al. (1999). Anti-Sa antibody is an accurate diagnostic 
and prognostic marker in adult rheumatoid arthritis. J Rheumatol,Vol. 26 No. (1) 
(Jan 1999), pp. 7-13. 
Hill, J. A.;Southwood, S.;Sette, A., et al. (2003). Cutting edge: the conversion of arginine to 
citrulline allows for a high-affinity peptide interaction with the rheumatoid 
arthritis-associated HLA-DRB1*0401 MHC class II molecule. J Immunol,Vol. 171 No. 
(2) (Jul 15 2003), pp. 538-541. 
Hill, J. A.;Bell, D. A.;Brintnell, W., et al. (2008). Arthritis induced by posttranslationally 
modified (citrullinated) fibrinogen in DR4-IE transgenic mice. J Exp Med,Vol. 205 
No. (4) (Apr 14 2008), pp. 967-979. 
Hueber, W.;Hassfeld, W.;Smolen, J. S., et al. (1999). Sensitivity and specificity of anti-Sa 
autoantibodies for rheumatoid arthritis. Rheumatology (Oxford),Vol. 38 No. (2) (Feb 
1999), pp. 155-159. 
Huizinga, T. W.;Amos, C. I.;van der Helm-van Mil, A. H., et al. (2005). Refining the complex 
rheumatoid arthritis phenotype based on specificity of the HLA-DRB1 shared 
www.intechopen.com
 
Autoimmune Disorders – Pathogenetic Aspects 
 
84
epitope for antibodies to citrullinated proteins. Arthritis Rheum,Vol. 52 No. (11) 
(Nov 2005), pp. 3433-3438. 
Ireland, J.;Herzog, J.& Unanue, E. R. (2006). Cutting edge: unique T cells that recognize 
citrullinated peptides are a feature of protein immunization. J Immunol,Vol. 177 No. 
(3) (Aug 1 2006), pp. 1421-1425. 
Irigoyen, P.;Lee, A. T.;Wener, M. H., et al. (2005). Regulation of anti-cyclic citrullinated 
peptide antibodies in rheumatoid arthritis: contrasting effects of HLA-DR3 and the 
shared epitope alleles. Arthritis Rheum,Vol. 52 No. (12) (Dec 2005), pp. 3813-3818. 
James, E. A.;Moustakas, A. K.;Bui, J., et al. (2010). HLA-DR1001 presents "altered-self" 
peptides derived from joint-associated proteins by accepting citrulline in three of its 
binding pockets. Arthritis Rheum,Vol. 62 No. (10) (Oct 2010), pp. 2909-2918. 
Jaraquemada, D.;Ollier, W.;Awad, J., et al. (1986). HLA and rheumatoid arthritis: a 
combined analysis of 440 British patients. Ann Rheum Dis,Vol. 45 No. (8) (Aug 
1986), pp. 627-636. 
Kastbom, A.;Strandberg, G.;Lindroos, A., et al. (2004). Anti-CCP antibody test predicts the 
disease course during 3 years in early rheumatoid arthritis (the Swedish TIRA 
project). Ann Rheum Dis,Vol. 63 No. (9) (Sep 2004), pp. 1085-1089. 
Klareskog, L.;Ronnelid, J.;Lundberg, K., et al. (2008). Immunity to citrullinated proteins in 
rheumatoid arthritis. Annu Rev Immunol,Vol. 26 No.  2008), pp. 651-675. 
Klareskog, L.;Stolt, P.;Lundberg, K., et al. (2006). A new model for an etiology of rheumatoid 
arthritis: smoking may trigger HLA-DR (shared epitope)-restricted immune 
reactions to autoantigens modified by citrullination. Arthritis Rheum,Vol. 54 No. (1) 
(Jan 2006), pp. 38-46. 
Kroot, E. J.;de Jong, B. A.;van Leeuwen, M. A., et al. (2000). The prognostic value of anti-
cyclic citrullinated peptide antibody in patients with recent-onset rheumatoid 
arthritis. Arthritis Rheum,Vol. 43 No. (8) (Aug 2000), pp. 1831-1835. 
Kubilus, J.;Waitkus, R. W.& Baden, H. P. (1979). The presence of citrulline in epidermal 
proteins. Biochim Biophys Acta,Vol. 581 No. (1) (Nov 23 1979), pp. 114-121. 
Kurki, P.;Aho, K.;Palosuo, T., et al. (1992). Immunopathology of rheumatoid arthritis. 
Antikeratin antibodies precede the clinical disease. Arthritis Rheum,Vol. 35 No. (8) 
(Aug 1992), pp. 914-917. 
Lacki, J. K.;Wassmuth, R.;Korczowska, I., et al. (2000). Does the presence of HLA-DR B1 
shared motif affect progression of the disease in rheumatoid arthritis patients? Int J 
Immunopathol Pharmacol,Vol. 13 No. (2) (May-Aug 2000), pp. 83-89. 
Ling, S.;Li, Z.;Borschukova, O., et al. (2007). The rheumatoid arthritis shared epitope 
increases cellular susceptibility to oxidative stress by antagonizing an adenosine-
mediated anti-oxidative pathway. Arthritis Res Ther,Vol. 9 No. (1) 2007), pp. R5. 
Makrygiannakis, D.;af Klint, E.;Lundberg, I. E., et al. (2006). Citrullination is an 
inflammation-dependent process. Ann Rheum Dis,Vol. 65 No. (9) (Sep 2006), pp. 
1219-1222. 
Makrygiannakis, D.;Hermansson, M.;Ulfgren, A. K., et al. (2008). Smoking increases 
peptidylarginine deiminase 2 enzyme expression in human lungs and increases 
citrullination in BAL cells. Ann Rheum Dis,Vol. 67 No. (10) (Oct 2008), pp. 1488-
1492. 
Masson-Bessiere, C.;Sebbag, M.;Girbal-Neuhauser, E., et al. (2001). The major synovial 
targets of the rheumatoid arthritis-specific antifilaggrin autoantibodies are 
www.intechopen.com
 
HLA and Citrullinated Peptides in Rheumatoid Arthritis 
 
85 
deiminated forms of the alpha- and beta-chains of fibrin. J Immunol,Vol. 166 No. (6) 
(Mar 15 2001), pp. 4177-4184. 
Migliorini, P.;Pratesi, F.;Tommasi, C., et al. (2005). The immune response to citrullinated 
antigens in autoimmune diseases. Autoimmun Rev,Vol. 4 No. (8) (Nov 2005), pp. 
561-564. 
Mody, G. M.& Hammond, M. G. (1994). Differences in HLA-DR association with 
rheumatoid arthritis among migrant Indian communities in South Africa. Br J 
Rheumatol,Vol. 33 No. (5) (May 1994), pp. 425-427. 
Muntasell, A.;Carrascal, M.;Alvarez, I., et al. (2004). Dissection of the HLA-DR4 peptide 
repertoire in endocrine epithelial cells: strong influence of invariant chain and 
HLA-DM expression on the nature of ligands. J Immunol,Vol. 173 No. (2) (Jul 15 
2004), pp. 1085-1093. 
Mydel, P.;Wang, Z.;Brisslert, M., et al. (2010). Carbamylation-dependent activation of T cells: 
a novel mechanism in the pathogenesis of autoimmune arthritis. J Immunol,Vol. 184 
No. (12) (Jun 15 2010), pp. 6882-6890. 
Nemazee, D. A. (1985). Immune complexes can trigger specific, T cell-dependent, autoanti-
IgG antibody production in mice. J Exp Med,Vol. 161 No. (1) (Jan 1 1985), pp. 242-
256. 
Neogi, T.;Aletaha, D.;Silman, A. J., et al. (2010). The 2010 American College of 
Rheumatology/European League Against Rheumatism classification criteria for 
rheumatoid arthritis: Phase 2 methodological report. Arthritis Rheum,Vol. 62 No. (9) 
(Sep 2010), pp. 2582-2591. 
Nicholas, A. P.& Whitaker, J. N. (2002). Preparation of a monoclonal antibody to 
citrullinated epitopes: its characterization and some applications to 
immunohistochemistry in human brain. Glia,Vol. 37 No. (4) (Mar 15 2002), pp. 328-
336. 
Nicholas, A. P.;King, J. L.;Sambandam, T., et al. (2003). Immunohistochemical localization of 
citrullinated proteins in adult rat brain. J Comp Neurol,Vol. 459 No. (3) (May 5 2003), 
pp. 251-266. 
Nielen, M. M.;van Schaardenburg, D.;Reesink, H. W., et al. (2004). Specific autoantibodies 
precede the symptoms of rheumatoid arthritis: a study of serial measurements in 
blood donors. Arthritis Rheum,Vol. 50 No. (2) (Feb 2004), pp. 380-386. 
Nijenhuis, S.;Zendman, A. J.;Vossenaar, E. R., et al. (2004). Autoantibodies to citrullinated 
proteins in rheumatoid arthritis: clinical performance and biochemical aspects of an 
RA-specific marker. Clin Chim Acta,Vol. 350 No. (1-2) (Dec 2004), pp. 17-34. 
Nishimura, K.;Sugiyama, D.;Kogata, Y., et al. (2007). Meta-analysis: diagnostic accuracy of 
anti-cyclic citrullinated peptide antibody and rheumatoid factor for rheumatoid 
arthritis. Ann Intern Med,Vol. 146 No. (11) (Jun 5 2007), pp. 797-808. 
Okada, Y.;Yamada, R.;Suzuki, A., et al. (2009). Contribution of a haplotype in the HLA 
region to anti-cyclic citrullinated peptide antibody positivity in rheumatoid 
arthritis, independently of HLA-DRB1. Arthritis Rheum,Vol. 60 No. (12) (Dec 2009), 
pp. 3582-3590. 
Poor, G.;Nagy, Z. B.;Schmidt, Z., et al. (2007). Genetic background of anticyclic citrullinated 
peptide autoantibody production in Hungarian patients with rheumatoid arthritis. 
Ann N Y Acad Sci,Vol. 1110 No.  (Sep 2007), pp. 23-32. 
www.intechopen.com
 
Autoimmune Disorders – Pathogenetic Aspects 
 
86
Pritzker, L. B.;Joshi, S.;Gowan, J. J., et al. (2000). Deimination of myelin basic protein. 1. 
Effect of deimination of arginyl residues of myelin basic protein on its structure and 
susceptibility to digestion by cathepsin D. Biochemistry,Vol. 39 No. (18) (May 9 
2000), pp. 5374-5381. 
Proost, P.;Loos, T.;Mortier, A., et al. (2008). Citrullination of CXCL8 by peptidylarginine 
deiminase alters receptor usage, prevents proteolysis, and dampens tissue 
inflammation. J Exp Med,Vol. 205 No. (9) (Sep 1 2008), pp. 2085-2097. 
Rantapaa-Dahlqvist, S.;de Jong, B. A.;Berglin, E., et al. (2003). Antibodies against cyclic 
citrullinated peptide and IgA rheumatoid factor predict the development of 
rheumatoid arthritis. Arthritis Rheum,Vol. 48 No. (10) (Oct 2003), pp. 2741-2749. 
Ronnelid, J.;Wick, M. C.;Lampa, J., et al. (2005). Longitudinal analysis of citrullinated 
protein/peptide antibodies (anti-CP) during 5 year follow up in early rheumatoid 
arthritis: anti-CP status predicts worse disease activity and greater radiological 
progression. Ann Rheum Dis,Vol. 64 No. (12) (Dec 2005), pp. 1744-1749. 
Rosloniec, E. F.;Ivey, R. A., 3rd;Whittington, K. B., et al. (2006). Crystallographic structure of 
a rheumatoid arthritis MHC susceptibility allele, HLA-DR1 (DRB1*0101), 
complexed with the immunodominant determinant of human type II collagen. J 
Immunol,Vol. 177 No. (6) (Sep 15 2006), pp. 3884-3892. 
Salvarani, C.;Boiardi, L.;Mantovani, V., et al. (1999). HLA-DRB1 alleles associated with 
polymyalgia rheumatica in northern Italy: correlation with disease severity. Ann 
Rheum Dis,Vol. 58 No. (5) (May 1999), pp. 303-308. 
Salvat, S.;Auger, I.;Rochelle, L., et al. (1994). Tolerance to a self-peptide from the third 
hypervariable region of HLA DRB1*0401 in rheumatoid arthritis patients and 
normal subjects. J Immunol,Vol. 153 No. (11) (Dec 1 1994), pp. 5321-5329. 
Sanchez, B.;Moreno, I.;Magarino, R., et al. (1990). HLA-DRw10 confers the highest 
susceptibility to rheumatoid arthritis in a Spanish population. Tissue Antigens,Vol. 
36 No. (4) (Oct 1990), pp. 174-176. 
Schellekens, G. A.;de Jong, B. A.;van den Hoogen, F. H., et al. (1998). Citrulline is an 
essential constituent of antigenic determinants recognized by rheumatoid arthritis-
specific autoantibodies. J Clin Invest,Vol. 101 No. (1) (Jan 1 1998), pp. 273-281. 
Schellekens, G. A.;Visser, H.;de Jong, B. A., et al. (2000). The diagnostic properties of 
rheumatoid arthritis antibodies recognizing a cyclic citrullinated peptide. Arthritis 
Rheum,Vol. 43 No. (1) (Jan 2000), pp. 155-163. 
Sebbag, M.;Simon, M.;Vincent, C., et al. (1995). The antiperinuclear factor and the so-called 
antikeratin antibodies are the same rheumatoid arthritis-specific autoantibodies. J 
Clin Invest,Vol. 95 No. (6) (Jun 1995), pp. 2672-2679. 
Senshu, T.;Sato, T.;Inoue, T., et al. (1992). Detection of citrulline residues in deiminated 
proteins on polyvinylidene difluoride membrane. Anal Biochem,Vol. 203 No. (1) 
(May 15 1992), pp. 94-100. 
Senshu, T.;Kan, S.;Ogawa, H., et al. (1996). Preferential deimination of keratin K1 and 
filaggrin during the terminal differentiation of human epidermis. Biochem Biophys 
Res Commun,Vol. 225 No. (3) (Aug 23 1996), pp. 712-719. 
Simon, M.;Girbal, E.;Sebbag, M., et al. (1993). The cytokeratin filament-aggregating protein 
filaggrin is the target of the so-called "antikeratin antibodies," autoantibodies 




HLA and Citrullinated Peptides in Rheumatoid Arthritis 
 
87 
Stastny, P. (1978). Association of the B-cell alloantigen DRw4 with rheumatoid arthritis. N 
Engl J Med,Vol. 298 No. (16) (Apr 20 1978), pp. 869-871. 
Stensland, M.;Holm, A.;Kiehne, A., et al. (2009). Targeted analysis of protein citrullination 
using chemical modification and tandem mass spectrometry. Rapid Commun Mass 
Spectrom,Vol. 23 No. (17) (Sep 2009), pp. 2754-2762. 
Stern, L. J.;Brown, J. H.;Jardetzky, T. S., et al. (1994). Crystal structure of the human class II 
MHC protein HLA-DR1 complexed with an influenza virus peptide. Nature,Vol. 
368 No. (6468) (Mar 17 1994), pp. 215-221. 
Suzuki, A.;Yamada, R.;Chang, X., et al. (2003). Functional haplotypes of PADI4, encoding 
citrullinating enzyme peptidylarginine deiminase 4, are associated with 
rheumatoid arthritis. Nat Genet,Vol. 34 No. (4) (Aug 2003), pp. 395-402. 
Tarcsa, E.;Marekov, L. N.;Mei, G., et al. (1996). Protein unfolding by peptidylarginine 
deiminase. Substrate specificity and structural relationships of the natural 
substrates trichohyalin and filaggrin. J Biol Chem,Vol. 271 No. (48) (Nov 29 1996), 
pp. 30709-30716. 
Tarkowski, A.;Czerkinsky, C.& Nilsson, L. A. (1985). Simultaneous induction of rheumatoid 
factor- and antigen-specific antibody-secreting cells during the secondary immune 
response in man. Clin Exp Immunol,Vol. 61 No. (2) (Aug 1985), pp. 379-387. 
Tutturen, A. E.;Holm, A.;Jorgensen, M., et al. (2010). A technique for the specific enrichment 
of citrulline-containing peptides. Anal Biochem,Vol. 403 No. (1-2) (Aug 2010), pp. 43-
51. 
van der Helm-van Mil, A. H.;Huizinga, T. W.;Schreuder, G. M., et al. (2005). An 
independent role of protective HLA class II alleles in rheumatoid arthritis severity 
and susceptibility. Arthritis Rheum,Vol. 52 No. (9) (Sep 2005), pp. 2637-2644. 
van der Helm-van Mil, A. H.;Verpoort, K. N.;Breedveld, F. C., et al. (2006). The HLA-DRB1 
shared epitope alleles are primarily a risk factor for anti-cyclic citrullinated peptide 
antibodies and are not an independent risk factor for development of rheumatoid 
arthritis. Arthritis Rheum,Vol. 54 No. (4) (Apr 2006), pp. 1117-1121. 
van Gaalen, F. A.;Linn-Rasker, S. P.;van Venrooij, W. J., et al. (2004). Autoantibodies to cyclic 
citrullinated peptides predict progression to rheumatoid arthritis in patients with 
undifferentiated arthritis: a prospective cohort study. Arthritis Rheum,Vol. 50 No. 
(3) (Mar 2004), pp. 709-715. 
van Venrooij, W. J.& Pruijn, G. J. (2000). Citrullination: a small change for a protein with 
great consequences for rheumatoid arthritis. Arthritis Res,Vol. 2 No. (4) 2000), pp. 
249-251. 
Verpoort, K. N.;Cheung, K.;Ioan-Facsinay, A., et al. (2007). Fine specificity of the anti-
citrullinated protein antibody response is influenced by the shared epitope alleles. 
Arthritis Rheum,Vol. 56 No. (12) (Dec 2007), pp. 3949-3952. 
Verreck, F. A.;van de Poel, A.;Drijfhout, J. W., et al. (1996). Natural peptides isolated from 
Gly86/Val86-containing variants of HLA-DR1, -DR11, -DR13, and -DR52. 
Immunogenetics,Vol. 43 No. (6) 1996), pp. 392-397. 
Vincent, C.;Nogueira, L.;Sebbag, M., et al. (2002). Detection of antibodies to deiminated 
recombinant rat filaggrin by enzyme-linked immunosorbent assay: a highly 
effective test for the diagnosis of rheumatoid arthritis. Arthritis Rheum,Vol. 46 No. 
(8) (Aug 2002), pp. 2051-2058. 
www.intechopen.com
 
Autoimmune Disorders – Pathogenetic Aspects 
 
88
von Delwig, A.;Locke, J.;Robinson, J. H., et al. (2010). Response of Th17 cells to a 
citrullinated arthritogenic aggrecan peptide in patients with rheumatoid arthritis. 
Arthritis Rheum,Vol. 62 No. (1) (Jan 2010), pp. 143-149. 
Vossenaar, E. R.;Zendman, A. J.;van Venrooij, W. J., et al. (2003). PAD, a growing family of 
citrullinating enzymes: genes, features and involvement in disease. Bioessays,Vol. 25 
No. (11) (Nov 2003), pp. 1106-1118. 
Vossenaar, E. R.;Smeets, T. J.;Kraan, M. C., et al. (2004a). The presence of citrullinated 
proteins is not specific for rheumatoid synovial tissue. Arthritis Rheum,Vol. 50 No. 
(11) (Nov 2004a), pp. 3485-3494. 
Vossenaar, E. R.;Despres, N.;Lapointe, E., et al. (2004b). Rheumatoid arthritis specific anti-Sa 
antibodies target citrullinated vimentin. Arthritis Res Ther,Vol. 6 No. (2) 2004b), pp. 
R142-150. 
Vossenaar, E. R.;Radstake, T. R.;van der Heijden, A., et al. (2004c). Expression and activity of 
citrullinating peptidylarginine deiminase enzymes in monocytes and macrophages. 
Ann Rheum Dis,Vol. 63 No. (4) (Apr 2004c), pp. 373-381. 
Wysocka, J.;Allis, C. D.& Coonrod, S. (2006). Histone arginine methylation and its dynamic 
regulation. Front Biosci,Vol. 11 No.  2006), pp. 344-355. 
Yelamos, J.;Garcia-Lozano, J. R.;Moreno, I., et al. (1993). Association of HLA-DR4-Dw15 
(DRB1*0405) and DR10 with rheumatoid arthritis in a Spanish population. Arthritis 
Rheum,Vol. 36 No. (6) (Jun 1993), pp. 811-814. 
Yue, D.;Brintnell, W.;Mannik, L. A., et al. CTLA-4Ig blocks the development and 
progression of citrullinated fibrinogen-induced arthritis in DR4-transgenic mice. 
Arthritis Rheum,Vol. 62 No. (10) (Oct pp. 2941-2952. 
www.intechopen.com
Autoimmune Disorders - Pathogenetic Aspects
Edited by Dr. Clio Mavragani
ISBN 978-953-307-643-0
Hard cover, 508 pages
Publisher InTech
Published online 26, October, 2011
Published in print edition October, 2011
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
The present edition entitled "Autoimmune disorders - Pathogenetic aspects" ​ aims to present the current
available evidence of etiopathogenetic insights of both systemic and organ specific autoimmune disorders, the
crossover interactions among autoimmunity, cardiovascular morbidity and malignancy as well as novel findings
in the exciting fields of osteoimmunology and immunology of pregnancy.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
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